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SOIL RESPONSE TO CLEARCUTTING AND SITE PREPARATION IN EAST TEXAS&/ 

J. J .  Stransky, L. K. Hal ls ,  and K. G. ~ a t t e r s t o n l !  

Abstract.-- On an e a s t  Texas f o r e s t  s i t e ,  c l ea rcu t t ing  and 
s i t e  prepara t ion  d id  not  change the s o i l  pH. Chopping and KG 
b lading s i g n i f i c a n t l y  reduced organic matter  i n  the  surface  s o i l ,  
while burning s l i g h t l y  increased it. Organic mat ter  showed a 
p o s i t i v e  and s i g n i f i c a n t  r e l a t ionsh ip  t o  potassium, calcium and 
magnesium. A l l  s i t e  treatments increased phosphorus and potassium, 
with the  g r e a t e s t  increase  on the  burned p lo t s ,  Calcium and 
magnesium contents a l s o  increased with burning but  decreased with 
KG blading. Burning appeared b e t t e r  than the o the r  treatments f o r  
maintaining o r  improving the  s o i l  n u t r i e n t  regime. However, planted 
l o b l o l l y  pine seedl ings  survived and grew bes t  with mechanical 
treatments t h a t  cont ro l led  competing vegetat ion.  

INTRODUCTION 

For f i f t y  years  c l ea rcu t t ing  has been a 
se r ious  i s sue  among f o r e s t  managers. I n  the  l a t e  
twenties and e a r l y  t h i r t i e s ,  many European 
f o r e s t e r s  expressed concern about the  e f f e c t s  of 
c l ea rcu t t ing  on the  s o i l .  Witt ich (1930) found no 
b io log ica l  changes i n  the  s o i l  a f t e r  c l ea rcu t t ing  
i n  Germany and a t t r i b u t e d  temporary changes i n  the  
n u t r i e n t  regime t o  the  t r a n s i t i o n  from one p l an t  
successional  s t age  t o  another. Feh& (1931) i n  
Hungary supported Wit t ich ' s  f indings  t h a t  the 
e f f e c t s  of c l ea rcu t t ing  a r e  short- l ived and a r e  
reversed by the  b e n e f i c i a l  shading of upcoming 
vegetat ion.  

The c l ea rcu t t ing  i s sue  became more 
complicated with the  addi t ion  of questions about 
its uns ight l iness  and l o s s  of w i l d l i f e  hab i t a t .  
But t he  current  controversy centers  l a rge ly  on 
l o s s  of s o i l  product iv i ty .  A s  a  r e s u l t ,  cour t  
decisions have banned c l ea rcu t t ing  i n  many p a r t s  
of the  United Sta tes .  Facts a r e  needed t o  c l a r i f y  
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some of the  misunderstandings between proponents 
and opponents of c l e a r c u t t i n g  and s i t e  preparation.  
Recent s t u d i e s  i n  New Hampshire and i n  the  cen t r a l  
and southern Appalachians indica ted  r e l a t i v e l y  
l i t t l e  adverse e f f e c t s  from c l ea rcu t t ing  on s o i l  
n u t r i e n t s  (Reinhart 1973). 

OBJECTIVE 

The ob jec t ive  of t h i s  s tudy was t o  determine 
s o i l  response t o  timber c l ea rcu t t ing  and the  
prepara t ion  of p lant ing  s i t e s  i n  the  loblo l ly-  
sho r t l ea f  pine-hardwood f o r e s t  type t h a t  covers 
near ly  70 mi l l i on  ac  i n  the  South and reaches its 
westernmost extension i n  e a s t  Texas. 

STUDY SITE 

The study s i t e  was located  on a near ly  l eve l  
t o  gently s loping t e r r a c e  on the  Angelina River i n  
Jasper County, Texas. The t r a c t ,  owned by Temple- 
Eastex, Incorporated, had never been c leared  f o r  
a g r i c u l t u r a l  crops,  although i t  was probably 
grazed by l i ves tock  i n  the  pas t  (Stransky 1976). 

The area  is p a r t  of the  Gulf Coastal  P l a in ' s  
Quaternary deposi t s ,  which a r e  underlain by sands, 
sandstones, and c lays  of the  Te r t i a ry ' s  Oligocene 
period (Dumble 1918). 

S o i l s  belong t o  the  Bernaldo-Elysian complex 
and t o  the  Sacul s e r i e s .  Bernaldo-Elysian s o i l s  a re  
moundy and occur i n  such a complex p a t t e r n  t h a t  
separa t ion  is very d i f f i c u l t .  Bernaldo s o i l s  
(Glossic Paleudal fs ,  fine-loamy s i l i c e o u s )  occupy 
the  lower p a r t  of the  mounds and most of  the  



a d j o i n i n g  low a r e a s ,  and compose about  50 percen t  
of  t h e  mapped a r e a s .  E l y s i a n  s o i l s  (Hapl ic  
G l o s s u d a l f s ,  coarse-loamy, s i l i c e o u s )  occupy most 
of  t h e  l a r g e  mounds and compose about  40 p e r c e n t  
o f  t h e  a r e a .  The major d i f f e r e n c e  between t h e s e  
s o i l s  is  t h a t  t h e  sandy s u r f a c e  l a y e r  is  more 
t h a n  20 i n c h e s  t h i c k  on t h e  E l y s i a n  s o i l ,  b u t  is  
t h i n n e r  on t h e  Bernaldo. S lopes  of bo th  s o i l s  
range  from 0 t o  3 percen t .  These a r e  w e l l  d r a i n e d ,  
moderately permeable s o i l s  t h a t  have s low runof f .  

Sacu l  s o i l s  (Aquic Hapluda l f s ,  c l a y e y ,  
mixed) occur  a t  t h e  head of d r a i n s  and normally 
have a concave topography. They occupy s l o p e s  
from 1 t o  6 p e r c e n t ,  a r e  moderately w e l l  d r a i n e d ,  
and have slow permeabi l i ty .  

Summers a r e  ho t  and humid, and t h e  w i n t e r s  
mild. The growing season  is  about  240 days long.  
Annual r a i n f a l l  averages  about  51  inches ,  but i n  
1972, 1973, and 1974 i t  was 54, 87, and 70 inches ;  
o f t e n  i n t e r f e r i n g  w i t h  planned s tudy  a c t i v i t i e s .  

On t h e  exper imenta l  s i t e ,  l o b l o l l y  p i n e  
(P inus  taeda  L.) and some s h o r t l e a f  p ine  (P inus  
e c h i n a t a  M i l l . )  occur red  i n  admixture w i t h  
s o u t h e r n  red oak (Quercus f a l c a t a  Michx.),  p o s t  
oak (Quercus s t e l l a t a  Wang.), water  oak (Quercus 
n i g r a  L.) ,  sweetgum (Liquidambar s t y r a c i f l u a  L . ) ,  
and blackgum (Nyssa s y l v a t i c a  Marsh.). 

Prominent shrubs  were American beau tyber ry  
( C a l l i c a r p a  americana L . ) ,  yaupon ( I l e x  vomi tor ia  
A i t . ) ,  b lackber ry  (Rubus s p p . ) ,  and s o u t h e r n  
waxmyrtle (Myrica c e r i f e r a  L.) .  C a r o l i n a  j e s s a -  
mine (Gelsemium sempervirens (L.) A i t .  f . ) ,  
muscadine grape  ( V i t i s  r o t u n d i f o l i a  Michx.), and 
g r e e n b r i e r s  (Smilax spp . )  were t h e  most prominent 
v i n e s .  

Longleaf u n i o l a  (Uniola  s e s s i l i f l o r a  P o i r . ) ,  
d e v i l s ' s  grandmother (Elephantopus tomentosus L . ) ,  
and two-eyed-berry (Mi tche l la  repens  L.) were t h e  
most abundant herbaceous p l a n t s .  

STUDY METHODS 

Design and Treatments  

I n  September 1972 a l l  t h e  merchantable  t r e e s  
were c u t  and removed from t h e  s tudy  a r e a .  During 
February and March 1974 t h e  fo l lowing  s i t e  prepa- 
r a t i o n  t r e a t m e n t s  were a p p l i e d  t o  1 .I./? a c  p l o t s  i n  
a randomized bl.ock d e s i g n  with unequal r e p l i c a t i o n s :  

Control--No s i t e  p r e p a r a t i o n ,  a l l  woody -- 
stems g r e a t e r  than 1 inch i n  d iameter  a t  
b r e a s t  h e i g h t  (d .b .h . )  were c u t .  
Burn--all  stems g r e a t e r  than 1 inch  d.b.h. 
were c u t  and burned w i t h  t h e  logging  s l a s h .  
Fanned by a s teady  wind of about  1 2  m i l e s  p e r  
hour ,  t h e  head f i r e  consumed t h e  t o p s  of a l l  
herbaceous p l a n t s ,  most shrubs  and smal l  
t r e e s ,  n e a r l y  a l l  t h e  l e a f  l i t t e r ,  and a l l  
b u t  t h e  l a r g e  branches of t h e  logging  s l a s h .  

---logging s l a s h  and a l l  stems were c u t  
w i t h  a chopper and burned. The chopper re-  
sembles a huge lawn r o l l e r  equipped w i t h  
c u t t i n g  b l a d e s  p a r a l l e l  t o  t h e  long  a x i s  o f  
t h e  c y l i n d e r .  P u l l e d  by a l a r g e  c rawler  
t r a c t o r ,  t h e  chopper c u t  non-merchantable 
t r e e s  and shrubs  i n t o  s m a l l  chunks and 
crushed t h e  d e b r i s  i n t o  t h e  s u r f a c e  s o i l .  
The chopped p l o t s  have been prepared  i n  
Octgber  1972, b u t  heavy r a i n s  prevented 
completion o f  t h e  o t h e r  t rea tments .  These 
p l o t s  were rechopped when t h e  o t h e r  s i t e  
t r e a t m e n t s  were app l ied .  
K G - a l l  s tems were c u t  w i t h  a KG b l a d e ,  and - 
t h e  logging  s l a s h  was raked o f f  t h e  p l o t s  
and burned. The KG b l a d e  resembles a 
s t r a i g h t  r a z o r  and is  mounted a t  a n  a n g l e  
on t h e  f r o n t  o f  a t r a c t o r .  It sheared  o f f  
a l l  stems i n  i t s  pa th .  The c u t t i n g  process  
g r e a t l y  churned up t h e  s o i l  s u r f a c e  and 
pushed some l i t t e r  and t o p s o i l  o f f  t h e  
p l a n t i n g  s i t e .  

The a r e a  was handplanted w i t h  1-0 l o b l o l l y  
p ine  s e e d l i n g s  a t  8 x 1 0  f o o t  s p a c i n g  i n  mid-March 
1974. 

S o i l  Response Measurements 

I n  August 1972 ( b e f o r e  c l e a r c u t t i n g )  and i n  
December 1974 (one growing season  a f t e r  s i t e  t r e a t -  
ments were a p p l i e d )  f i v e  1 inch  diameter  s o i l  c o r e s  
were taken a t  t h e  dep th  of  0 t o  2 and 2 t o  5 inches  
n e a r  each o f  20 sample p o i n t s  t h a t  were e s t a b l i s h e d  
i n  t h e  i n t e r i o r  1 a c  c e n t e r  of each p l o t .  The f i v e  
i n d i v i d u a l  samples from each depth were camposited 
and analyzed f o r  o r g a n i c  m a t t e r  by l o s s  on i g n i t i o n ,  
pH by g l a s s  e l e c t r o d e ,  phosphorus by t h e  s u l f o -  
molybdic b l u e  c o l o r  method, and potassium, calcium, 
and magnesium by t h e  atontic a b s o r p t i o n  method. 

The 1972 and 1974 d a t a  were compared by 
a n a l y s i s  of  v a r i a n c e .  A l l  t e s t i n g  was a t  t h e  0.05 
p e r c e n t  l e v e l  o f  s i g n i f i c a n c e .  The Bernaldo-Elysian 
and t h e  Sacu l  s o i l s  were combined and cons idered  a s  
one s o i l  because i n i t i a l l y  (1972) n e i t h e r  f o r a g e  
y i e l d  n o r  most s u r f a c e  s o i l  c h a r a c t e r i s t i c s  were 
s i g n i f i c a n t l y  d i f f e r e n t  between t h e  two s o i l  types .  

RESULTS AND DISCUSSION 

C l e a r c u t t i n g  i t s e l f  probably d i d  n o t  remove 
s i z e a b l e  amounts of  n u t r i e n t s  a s  on ly  t h e  l o g s  
were taken  from t h e  a r e a .  The upper stems and crowns 
w i t h  t h e i r  b ranches ,  twigs ,  and f o l i a g e  were l e f t  on 
t h e  ground t o  b e  i n c o r p o r a t e d  i n t o  t h e  s o i l  by decay, 
f i r e ,  o r  chopping. N u t r i e n t  l o s s e s  from t h i s  t y p e  of 
logging  a r e  s m a l l  because t h e  l o g s  c o n t a i n  few 
n u t r i e n t s ,  and most a r e  i n  t h e  l e a v e s  and twigs 
(Stone 1973). Some l e a c h i n g  of  s o i l  n u t r i e n t s  could 
occur  a f t e r  c l e a r c u t t i n g ,  b u t  r a p i d  r e v e g e t a t i o n  
u s u a l l y  p r o t e c t s  t h e  s o i l  s u r f a c e  and cont inues  t o  
add n u t r i e n t s  (Bums and Hebb 1972, S t ransky  e t  a l .  
1974). 



S o i l  pH va lue s  were s i m i l a r  f o r  a l l  t r e a t -  
ments and a t  bo th  s o i l  dep ths  before  and a f t e r  
s i t e  p r epa ra t i on  (Table 1 ) .  This  r e s u l t  is some- 
what i n  c o n t r a s t  t o  another  s t udy  t h a t  shows sma l l  
i n c r e a s e s  i n  pH by burning (Wells 1971). 

Organic Mat te r  

I n  bo th  1972 and 1974, o rganic  ma t t e r  was 
about  two t imes h ighe r  i n  t h e  s u r f a c e  s o i l  than  i n  
t h e  2 t o  5 inch  depth (Table 1 ) .  Di f fe rences  be t -  
ween p l o t s  were n o t  s i g n i f i c a n t  i n  1972, bu t  i n  
1974 t h e  s o i l  on t h e  chopped and KG p l o t s  had 
s i g n i f i c a n t l y  less o rgan i c  ma t t e r  conten t  i n  t h e  
s u r f a c e  s o i l  than  t h e  c o n t r o l  and burned p l o t s .  

Severa l  s t u d i e s  have descr ibed  t h e  p o s i t i v e  
r e l a t i o n s h i p  between f e r t i l i t y  and o r ~ a n i c  m a t t e r  
conten t  o f  sou thern  f o r e s t  s o i l s .  Stransky (1961, 
1964) showed t h a t  t h e  growth of p l an t ed  p ine  seed- 
l i n g s  was r e t a rded  by o rgan i c  ma t t e r  removal. Thus, 
t h e  decreased o rgan i c  ma t t e r  on t h e  chopped and 
KG p l o t s  can pos s ib ly  i n f l uence  t h e  f u t u r e  pro- 
d u c t i v i t y  of t h e  s i t e .  The e f f e c t s  of l i t t e r  and 
s l a s h  removal a r e  l i k e l y  t o  be  most pronounced 
where hardwoods predominate because t h e  hardwood 
l i t t e r  conta ins  more n u t r i e n t s  and decomposes 
f a s t e r  than  p ine  l i t t e r  (Alway e t  a l .  1933, 
Co i l e  1937). 

The exp l ana t i on  f o r  t he  lowered o rgan i c  mat- 
t e r  conten t  on t h e  KG p l o t s  i s  f a i r l y  obvious. The 
o rgan i c  ma t t e r  was s imply removed from t h e  p l o t s .  
Haines e t  a l .  (1975) warned t h a t  such p r a c t i c e s  
would be de t r imen t a l  t o  t h e  s o i l  n u t r i e n t  regime, 
and Hicock e t  a l .  (1931) noted t h a t  t h e  removal o f  
l i t t e r  a lone  would s e r i o u s l y  dep l e t e  o rgan i c  mat te r  
reserves .  

The l o s s e s  w i th  chopping a r e  d i f f i c u l t  t o  ex- 
p l a i n  a s  no organic  m a t t e r  was removed from the  
p l o t s .  The s l a s h  was broken up by repea ted  chopping 
and pressed  i n t o  t h e  s o i l  s u r f a c e ,  pos s ib ly  r e s u l t -  
i n g  i n  more r a p i d  decay. Because of heavy r a i n s  i n  
1973 and 1974, some of  i t  could have been washed 
from t h e  r i dges  i n t o  t h e  v a l l e y s  c u t  by t h e  chopper 
b lades .  A s  only t he  r i d g e s  were sampled, some of t h e  
organic  m a t t e r  may have been excluded. It is  u n l i k e l y  
t h a t  t h e  o rgan i c  m a t t e r  moved t o  lower s o i l  depths 
a s  t he  2 t o  5 inch  depth showed no i nc r ea se .  

Phosphorus 

Before c l e a r c u t t i n g ,  t he  s o i l s  had a h ighe r  
phosphorus conten t  i n  the s u r f a c e  l a y e r  than  i n  t h e  
2 t o  5 inch depth. A f t e r  t h e  t imber was c u t  and t he  
s i t e s  prepared,  however, t h e  d i f f e r ences  between 
depths became non-s ign i f ican t  (Table 1 ) .  I n  t h i s  
s tudy  i t  appeared t h a t  phosphorus i nc r ea sed  i n  t h e  
lower depth a s  a r e s u l t  of l e ach ing  from t h e  su r f ace .  

Table I.-- S o i l  c h a r a c t e r i s t i c s  be fo r e  c l e a r c u t t i n g  (1972) and a f t e r  s i t e  p r epa ra t i on  (1974). 

S i t e  t rea tments  
S o i l  

S o i l  Depth Cont ro l  Burn Chop KG 

C h a r a c t e r i s t i c s  ( i n )  1972 1974 1972 1974 1972 1974 1972 1974 

Organic Matter 0-2 5.8 5.2 5.3 5.6 5.7 4.4 6.0 3.6 
(percent )  2-5 2.8 2.5 2.4 2.6 2.7 2.6 3.0 2.0 

Phosphorus 0-2 6.5 5.2 5.4 6.4 4.0 4.4 4.7 5.5 
( P P ~ )  2-5 3.7 4.6 3.5 4.6 1.9 4.0 2.0 5.8 

Potassium 0-2 39.3 39.9 30.7 38.9 30.8 34.2 31.2 34.2 
(PP) 2-5 16.3 19.7 16.9 18.4 18.9 19.4 17.5 18.7 

Calcium 0-2 243.6 286.4 180.6 232.4 232.7 227.0 157.2 145.3 
( P P ~  2-5 85.4 84.3 65.1 67.0 99.7 87.7 46.9 46.0 



I n  1972, t he  p l o t s  t o  be chopped and KG 
bladed were s i g n i f i c a n t l y  lower i n  phosphorus than 
the  con t ro l  and burn p l o t s ,  but t he  reason why was 
not  obvious. I n  1974, phosphorus had increased on 
a l l  t reatments except the  con t ro l ,  and treatment 
d i f f e rences  were s t i l l  s ign i f i can t .  The g r e a t e s t  
i nc rease  i n  phosphorus occurred on the  burned 
p l o t s ,  probably because of the  phosphorus re leased 
i n  burning. The i n t e r a c t i o n s  of depth x t r e a t -  
ments were not  s i g n i f i c a n t  i n  e i t h e r  1972 o r  1974. 

Potassium 

Potassium content  of t he  s o i l  was con- 
s i s t e n t l y  h igher  i n  the  surface  than i n  t h e  2 t o  
5 inch depth (Table 1 ) .  For an a s  y e t  unlcnown 
reason i t  was higher,  too,  i n  the  surface  s o i l  of 
the  con t ro l  p l o t s  than on the  o the r  p l o t s  i n  1972. 
Af ter  s i t e  prepara t ion  the  treatment d i f f e rences  
were no longer s i g n i f i c a n t .  This d i f ference  i n  
potassium between yea r s  was s i g n i f i c a n t  i n  the  
su r face  s o i l ,  but  not  i n  the  2 t o  5 inch depth, 
i nd ica t ing  g r e a t e r  increases  i n  the  su r face  bet- 
ween years.  The depth x treatment i n t e r a c t i o n  was 
non-significant  i n  both years.  

Calcium 

Calcium content  was s i g n i f i c a n t l y  g r e a t e r  
i n  the  su r face  s o i l  than i n  the  2 t o  5 inch depth 
i n  both 1972 and 1974 (Table I ) ,  Calcium contents 
a t  both s o i l  depths were not  s i g n i f i c a n t l y  d i f -  
f e r e n t  between p l o t s  before  cu t t i ng  and site treat- 
ments. However, d i f ferences  i n  calcium l e v e l s  bet- 
ween treatments were s i g n i f i c a n t  fo r  the su r face  
s o i l  l aye r  i n  1974 a s  a r e s u l t  of increases  on the  
cont ro l  and burned p l o t s  and s l i g h t  decreases on 
the  chopped and KG bladed p lo t s .  

Magnesium 

Magnesium content  was approximately two 
times h igher  i n  the  surface  s o i l  than i n  the  2 t o  
5 inch depth (Table 1 ) .  I n  1972, magnesium content  
was s i g n i f i c a n t l y  higher on the  cont ro l  p l o t s  
than on any o thers .  I n  1974, the  KG bladed p l o t s  
had the lowest content  of magnesium i n  the  surface  
s o i l ,  probably because raking the  logging s l a s h  
o f f  the p l o t s  removed organic matter .  

Nutrient  Relat ionships 

Simple l i n e a r  regress ions  indica ted  t h a t  
organic matter  was s i g n i f i c a n t l y  r e l a t e d  t o  
calcium, magnesium, and potassium content  of the 
s o i l .  Other s t u d i e s  have a l s o  shown the  c lose  re- 
l a t ionsh ip  between organic mat ter  and mineral  con- 
t en t  of coarse-textured s o i l s  (Wilde 1946). The 
increase  of phosphorus, potassium, calcium, and 
magnesium i n  the  0 t o  2 inch l aye r  of s o i l  corrobo- 
r a t e s  s t u d i e s  which ind ica t e  t h a t  f i r e  b e n e f i t s  
t he  s o i l  n u t r i e n t  r e g h e  i n  southern upland 
f o r e s t s  (Moehring et  a l .  1966, Stone 1971, Wells 
1971). 

However, desp i t e  of t h e i r  genera l ly  lower 
n u t r i e n t  regime and h igher  s o i l  bulk dens i ty  
(Stransky 1981), the  p lanted  p ines  survived and 
grew b e s t  on the  mechanically prepared sites where 
competing vegeta t ion  was e f f e c t i v e l y  reduced 
(Stransky and Ha l l s  1981). 
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